Sodium azide was employed to generate mutants of actinomycetes from Mount Everest region, viz. Sagarmatha National Park, Jorsale, Kalapatthar and Namche. Individual isolates of actinomycetes were inoculated on Starch Casein Agar plates containing 10, 50 and 100 ppm of sodium azide. Depending on complete inhibition of their growth , actinomycete isolates were categorized as highly sensitive , moderately sensitive and tolerant, respectively. Out of a total of 38 actinomycetes isolates, two (5.3%) were highly sensitive, 23 (60.5%) moderately sensitive and 13 (34.2%) tolerant. A total of 21 mutants were generated by treating 8 of the 23 moderately sensitive actinomycetes with 20, 30 and 40 ppm ( sublethal concentrations ) of sodium azide and analyzed morphologically and biochemically. All mutants like wild strains were able to hydrolyse starch, Tween 20 and casein and utilize fructose and lactose. All were urease and catalase positive , but were different from wild strains in colony color or texture or both. Altogether nine (43 % ) mutants having negative mutation in loci of utilization of galactose or mannose (loss-of-function LOF, single mutants ) , two LOF double mutants in utilization of both galactose and arabinose , one gain-of-function (GOF) single mutant having positive mutation in the loci of utilization of galactose, one GOF double mutant in utilization of mannose and galactose and five double mutants (25%) having GOF ( arabinose or sucrose ) as well as LOF ( mannose or galactose or arabinose) were obtained.
Introduction
Actinomycetes are diverse groups of soil inhabiting microbes. They are aerobic Gram-positive bacteria that form branches, usually nonfragmented hyphae and asexual spores. They comprise 63 genera and are relatively well documented because of their value in discovery of various types of antibiotics (Williams et al. 1989) . Streptomyces spp., a major group of Actinomycetes, are most populous and diverse soil bacteria producing various industrially and medically important secondary metabolites, such as enzymes (proteases, amylase, cellulase, lignase, chitinase etc.), chromogens and antibiotics (Williams et al. 1989) . Streptomyces spp. produces most of the known antibiotics and, hence, are considered as model research system that has therapeutic importance. Hence, investigation of actnomycetes from different ecological niches may yield novel isolates having more useful properties. Bhattarai et al. (2007) were first to observe sodium azide induced mutation of actinomycetes. Enhanced antibacterial property in a sodium azide induced mutant of Streptomyces strain -a Gain-of-Function (GOF) mutation -was reported by Bhattarai et al. (2007) and Tiwari et al. (2008) . The present study is the countinuity of our previous study in RLABB on mutagenic effects of sodium azide on actinmycetes from Mt. Everest region. The objective of the present work was to study the sodium azide induced mutants of actinomycetes by morphological and biochemical methods. Everest base camp ( Fig. 1 ) and preserved in RLABB were revived by streaking on starch casein agar slants and incubating for 3 -5 days at 28°C for fresh growth.
Purification of actinomycetes:
Streak plate method was used to purify actinomycetes (Williams and Cross 1971; Singh and Agrawal 2003) .
Morphological characterization :
Actinomycetes were identified as colored, dried, rough, with irregular/regular margin; generally convex colony as described by Williams and Cross (1971) . Using a magnifying glass, colony morphology was noted with respect to color, aerial mycelium, size and nature of the colony, reverse side color and pigmentation.
Categorization of actinomycete isolates on the basis of sodium azide sensitivity: Individual pure colonies were streaked on SCA plates containing varying concentrations (10, 50 and 100 ppm) of sodium azide, incubated at 28ºC for 5-6 days. Based on the complete inhibition of the growth of actinomycetes, three categories were assigned respectively as (a) Highly sensitive (lethal concentration 10 ppm), (b) Moderately sensitive ( lethal concentration 50 ppm), and (c) Tolerant (lethal concentration 100 ppm).
Generation and selection of mutants:
In the present study 8 out of 23 moderately sensitive actinomycete isolates were streaked on the Starch-Casein agar plates containing 20, 30 and 40 ppm ( sublethal concentrations) of sodium azide and incubated at 28ºC for 5 -6 days. The resulting colonies were characterized morphologically. The colonies having morphology different from the wild type were considered as mutants. Actinomycete nomenclature system in RLABB: Wild isolates were represented by a capital initial and next two small letters denoting sampling site followed by a serial number for different sample number from the same region. Small letter following the serial number represents different actinomycetes isolates from the same soil sample. e.g., Snp16d is the fourth actinomycetes isolate from sixteenth soil sample from SNP. For mutants, respective wild type name is followed by the concentration of sodium azide after a dot. Two or more mutants from a wild strain from same concentration of sodium azide treatment are represented by small Roman numbers after a dot. e.g., Snp16d.10.i is the first mutant for 10 ppm of sodium azide.
Biochemical characterization: Different physiological and biochemical tests (viz., starch hydrolysis, casein hydrolysis, Tween 20 hydrolysis, urea-hydrolysis, sugar utilization, citrate utilization test, and catalase test) were performed to characterize wild and corresponding mutants of actinomycetes isolates (Williams et al. 1989; Singh and Agrawal 2003) .
Result and Discussion
Categorization of actinomycetes: Wild type actinomycetes were first classified according to their sensitivity to sodium azide and then were further used to generate corresponding mutants. Nine wild isolates from SNP, 17 isolates from Jorsale, 10 isoates from Kalapatthar and two isolates from Namche were treated with sodium azide concentrations of 10, 50 and 100 ppm to categorize the isolates in highly sensitive, moderately sensitive and tolerant groups (Table 1) . Similar concentrations of azide were used in various works in potato, wheat and Escherichia coli (Bendahmane et al. 2002; Kleinhofs and Smith 1976; Oliver et al. 1990) . Of the total 38 actinomycete isolates, two (5.3%) were highly sensitive, 23 (60.5%) were moderately sensitive, and 13 (34.2%) were tolerant. Of the total isolates, two (2/38; 5.3%) were highly sensitive and could not grow even on 10 ppm . Similarly, moderately sensitive and tolerant actinomycetes have been identified as described in Table 1 . Generation of mutants: Altogether 21 mutants were generated by treating eight moderately sensitive wild strains to 20 , 30 and 40 ppm (sublethal concentration ) of sodium azide ( Table 2 ) . Characterization of mutants: All wild type strains and their mutants were able to hydrolyse starch, tween 20 and casein utilize fructose and lactose . All were urease and catalase positive.. All mutants were found to be different from their corresponding wild strains in colony color or in colony texture or in both ( Table 3 ) .
Types of mutations in carbon metabolism:
Mutants were characterized for monosaccharides (5C and 6C) and disaccharide sugar utilization. Altogether nine ( 43 % ) mutants having negative mutation in loci of utilization of galactose or mannose (loss-of-function LOF, single mutants ) were observed (Table 3) among mutants from Snp16d (two, Gal), Snp18a (five, Man), Jor11g (two, Gal), Kal70c (two, Ara and Gal each), Nam29a (four, Gal) and Nam29b (two, Ara) . Similarly, both mutants of Kal70c were found to be LOF double mutants in utilization of both galactose and arabinose . Kal70e gave one gain-of-function (GOF) single mutant having positive mutation in the loci of utilization of galactose and one GOF double mutant in utilization of mannose and galactose . In total 5 ( 25 % ) mixed double mutants ( LOF single mutant + GOF single mutant ) from Snp18a, Nam29a and Nam29b were found to be oppositely mutated for carbohydrate utilization.
Conclusion
For last seven years, RLABB has been studying diversity of actinomycetes in soil samples of Mount Everest region under CNR, Italy supported program. More than 600 actinomycetes isolates were characterized from Lobuche and 40% of them were Streptomyces spp. (Singh and Agrawal 2003) .
RLABB scientists have the honour of discovering the mutagenic effect of sodium azide on actinomycetes (Bhattarai et al. 2007; Tiwari et al. 2008) ; results presented here further confirm this discovery. This work has been supported by International Foundation for Science (IFS) Grant -2008 in order to expand the limited study to encompass the wide spectrum of actinomycetes from Mount Everest region. In preliminary work we have found genetic diffences in wild and mutant strains by RAPD -PCR, a subject we are at present investigating. These mutations are not epigenetic, because mutants can be propagated extensively. We have found that some mutants have gained antimicrobial activity which we are studying now.
